The response of the yeast Saccharomyces cerevisiae to sudden vs. gradual changes in different environmental stress conditions during both respiratory growth and aerobic fermentative growth in the presence of excess glucose was investigated by monitoring the level and rate of expression of the stress response protein Hsp12p using the fluorescent fusion construct Hsp12p-Gfp2p. The initial expression level and the rate of Hsp12p synthesis was significantly greater under glucose-limited conditions in the chemostat (D o 0.14 h À1 ) compared with when excess glucose was present in the auxostat. Decreasing the dilution rate and the glucose concentration further in the A-stat resulted in increased Hsp12p expression, which was more marked when a rapid rather than a gradual change was affected.
Introduction
The yeast Saccharomyces cerevisiae, like most cells, demonstrates a stress response when exposed to severe environmental conditions. Typical industrial and natural stress factors include, among others, low water activity (osmotic pressure), high or low temperatures, substrate limitation, increased levels of metabolites or compounds that affect cell wall integrity, extreme pH values and oxidative stress (Mager & Ferreira, 1993; Siderius et al., 1997) . Yeast cells respond to such stress by rearranging certain metabolic pathways to synthesize compounds, which help protect the cellular milieu against damage and thus counteract the stress. Thus S. cerevisiae, in conditions of high osmotic pressure, switches its metabolism to produce glycerol, which helps the cell compensate for loss of turgor pressure (Varela et al., 1995; Hohmann, 1997; Rep et al., 1999; Van Wuytswinkel et al., 2000) . Besides glycerol, the accumulation of several other compounds, such as trehalose and glutathione (GSH), occurs during specific stress conditions in S. cerevisiae (Hottiger et al., 1987; Izava et al., 1995; François & Parrou, 2001; Elbein et al., 2003) .
While the induction of synthesis of these compounds in yeast is related to specific stress conditions, the most striking feature of the evolutionarily conserved stress response is the synthesis of a set of proteins, the heat shock proteins (Hsps) (Craig et al., 1994; Mager & De Kruijff, 1995) . This includes, in the yeast S. cerevisiae, the small hydrophilic stress response protein Hsp12p, the synthesis of which is markedly upregulated by various forms of stress including heat shock, substrate limitation, high ethanol concentrations and osmotic pressure (Praekelt & Meacock, 1990; Varela et al., 1995; Mtwisha et al., 1998; Pedruzzi et al., 2000; Sales et al., 2000; Motshwene et al., 2004; Karreman & Lindsey, 2005) .
Although the complete functions of Hsp12p in yeast stress tolerance are yet to be elucidated, it has been proposed that Hsp12p acts to protect cell membranes against desiccation and ethanol-induced damage (Sales et al., 2000) and to act as a plasticizer in the cell wall (Karreman et al., 2007b) . These properties are related to the location of this protein because it is found adjacent to the plasma membrane and in the cell wall (Sales et al., 2000; Motshwene et al., 2004) .
Changes in the stress conditions in nature and in industrial processes are often slow and smooth rather than the rapid changes used in laboratory experiments. It has, therefore, been proposed that stress conditions should be smoothly changed when studying the stress response. The results of studies using continuous cultivation methods such as the A-stat, D-stat and auxo-accelerostat showed that different rates of change in the stress conditions might well result in a response of a completely different magnitude (Kasemets et al., 2003 (Kasemets et al., , 2007 . Similarly, it has been shown that the Hsp12p levels in S. cerevisiae were increased to a greater extent in a 30-37 1C temperature shift-up experiment compared with when the cells were grown constantly at 37 1C although the effect of a slow rate of change was not studied (Mtwisha et al., 1998) .
In this report, we have compared the effect of smoothly vs. suddenly changing several stresses on the expression of Hsp12p by growth of S. cerevisiae containing a Hsp12p-Gfp2p fusion protein during respiratory growth or aerobic fermentative growth in the presence of excess glucose in the D-stat or the auxo-accelerostat. The stresses used were typical environmental stresses as well as those encountered in many industrial processes, and included higher growth temperatures as well as changes in the NaCl and ethanol concentrations. In addition, the effect of substrate (glucose) limitation was studied in A-stat culture. The Hsp12p synthesis rate in the cells grown under smoothly changing stress conditions was compared with that determined in a shift-up (or shift-down in case of glucose limitation) experiments carried out in the chemostat, turbidostat or in batch culture.
Materials and methods

Yeast strain and growth conditions
All yeast strains were from the W303 genetic background and were used in the haploid form. Yeast containing the pYES2-HSP12-GFP2 plasmid (Karreman & Lindsey, 2005) were used for this study. This construct used the HSP12 promoter to drive expression of the HSP12:GFP2 gene fusion in the recombinant yeast. Yeast for this study were grown using complete synthetic dropout medium (pH 4.5) without uracil. This contained glucose, 20 mg mL Yeast (500-750 mL) were grown in a 1L Biobundel fermenter (Applikon, The Netherlands) equipped with an ADI 1030 bio-controller (Applikon) using the growth control software BIOXPERT (Applikon). The fermenter was equipped with pO 2 , pH and temperature sensors, as well as an OD detector (Optek, Germany). The fermenter and the feeding media vessels were weighed (Sartorius, Germany) to precisely control the dilution rate. Two variable speed pumps (Cole Parmer) were used to supply the main dilution media and keep the culture volume constant. In experiments where NaCl or ethanol was added, an additional variable speed pump was used to deliver the dilution media containing additionally 1 M NaCl or 5 M ethanol. A fixed speed pump was used to deliver 1 M NH 4 OH to control the pH.
The effect of changes in the stress conditions was studied in glucose-limited A-or D-stat culture or in auxo-accelerostat culture in the presence of excess glucose. After passing at least five culture volumes through the fermenter, the steadystate culture was obtained in the regular chemostat or turbidostat mode (Bryson & Szybalski, 1952) . In experiments where gradual changes in the stress conditions were effected, either the dilution rate (glucose-limited respiratory growth), the temperature, the NaCl concentration or the ethanol concentration in the fermenter was smoothly changed by changing the temperature or the rate of feeding of the dilution media containing NaCl or ethanol in addition to the main dilution media. Experiments to study the effect of a rapid change in these stresses during respiratory growth were carried out by rapidly increasing either the growth temperature or the concentration of NaCl or ethanol, or applying a prompt decrease in the dilution rate (glucoselimited respiratory growth) of the chemostat culture. In the case of rapid changes in the stress conditions in the culture grown under aerobic fermentation in the presence of excess glucose, these experiments were performed in shaking culture using 20 mL cells withdrawn from steady-state turbidostat culture before ethanol or NaCl was added. In the case of temperature stress, the withdrawn culture was quickly heated to the desired temperature in a water bath before placing it into a thermostatically controlled oven.
Analytical techniques
Temperature, pH, pO 2 and A 600 nm were measured online. In addition, 1-mL samples were collected on ice every 30-60 min, centrifuged, and the yeast cells washed twice with ice-cold Milli-Q water. The glucose, ethanol and glycerol concentrations in the first supernatant were determined using a Waters HPLC equipped with UV and refractive index monitors. Separation of these compounds was achieved by isocratic elution at 0.6 mL min À1 using a BioRad HPX-87H column (BioRad Laboratories Inc.) using 4.5 mM H 2 SO 4 as the eluant. The NaCl concentration in this supernatant was determined from the Na 1 and Cl À concentrations using an anion column IC-Pak A (lithium borate/ gluconate eluant) and a cation column IC-Pak C (EDTA/ nitric acid eluant) together with a Waters 432 conductivity detector. The Gfp2p fluorescence was measured in the washed yeast cells using a Fluo-Imager M53 system (Skalar, The Netherlands) using excitation and emission wavelengths of 400-520 nm and 420-615 nm, respectively. The specific fluorescence (F) was calculated by dividing the determined fluorescence value with the respective biomass concentration. The specific rate of Hsp12p-Gfp2p synthesis was expressed in arbitrary units (UA À1 h
À1
) and was calculated as:
ðD-stat and auxo-accelerostat cultivationÞ
Calculation of dF/dt was drawn as described previously (Kasemets et al., 2003) . Calculation of the biomass yield based on the glucose consumption (Y xs ), the specific ethanol and glycerol production rates (Q eth and Q glr , respectively) and the glycerol to ethanol formation ratio (Y ge ) was carried out as described by Kasemets et al. (2007) .
Results
The comparison of a smooth vs. a sudden decrease in the growth rate on the expression of Hsp12p
To study the effect of the growth rate on the expression of Hsp12p, yeast containing the HSP12 : GFP2 plasmid were initially grown under steady-state conditions in a chemostat at a dilution rate, D, of 0.14 h À1 . This steady state was characterized by a glucose concentration of 0.17 g L
À1
, an ethanol concentration of 2.15 g L À1 and a glycerol concentra-
. This ethanol production as well as the small residual glucose concentration might be a peculiarity of this strain or this fusion construct, as previous work using baker's and distiller's yeast strains and a dilution rate o 0.25 h À1 failed to detect either glucose or ethanol demonstrating subtle differences in the growth responses between industrial and laboratory yeast strains (Van Hoek et al., 1998; Kasemets et al., 2003) . The dilution rate was then either decreased slowly (0.01 h À1 over 14 h, Fig. 1a ) or suddenly (from 0.15 to 0.05 h À1 over 10 min) and the growth rate, the glucose and ethanol concentrations and the green fluorescent protein (GFP) fluorescence measured as a function of time.
When the dilution rate was decreased slowly, the specific growth rate decreased in line with the dilution rate, suggesting that the quasi-steady-state was maintained. A slow decrease in the dilution rate resulted in a gradual utilization of the residual glucose ( Fig. 1a ) and ethanol (data only shown for glucose) with all the glucose and ethanol consumed by the time the dilution and specific growth rate had decreased to 0.09 h À1 . The specific rate of Hsp12p expression, determined from the change in the fluorescence at 507 nm, started to increase after the glucose was consumed, reaching a maximum rate of 150 U A À1 h À1 . This observed specific expression rate was approximately double that observed when glucose was present at a growth rate of c. 0.1 h À1 . An abrupt decrease in the dilution rate ( Fig. 1b) resulted in rapid utilization of the residual glucose and ethanol (data again only shown for glucose) with all the glucose and ethanol consumed within 1 h. An immediate increase in the rate of Hsp12p expression was observed. After 2 h, this reached a maximum rate almost three times higher than that observed as a result of a slow decrease to the same dilution rate (0.05 h À1 ). This increase was only transient, however, and the rate decreased to the initial level within 4 h after the maximum expression rate had been achieved.
The comparison of a smooth vs. a sudden increase in the NaCl concentration on the expression of Hsp12p under respiratory growth conditions and during aerobic fermentative growth in the presence of excess glucose
Cultivation in the D-stat at a dilution rate of 0.09 h À1 was used to study the stress response of cells subjected to an increase in the NaCl concentration in the medium under respiratory growth conditions. In the case of a smooth increase in the NaCl concentration, this was increased from 19 mM (a common concentration in yeast growth media) to 530 mM over 29 h, a rate of change of 18 mM h À1 . The fluorescence did not markedly change from its initial value until the NaCl concentration reached 185 mM (Fig. 2a) , but increased when the NaCl concentration exceeded this value and continued to increase throughout the remainder of the experiment. The maximum rate of change in the expression of Hsp12p occurred at a NaCl concentration between 200 and 300 mM. Concomitant with these changes, the biomass yield, determined from the glucose consumption, started to decrease, and the specific glycerol production rate increased. The growth rate decrease was negligible (not shown). When the NaCl concentration was increased suddenly from 19 to 500 mM, a rapid increase in Hsp12p synthesis occurred, reaching its maximum value within 2 h (Fig. 2b) . Although the maximum fluorescence was lower (4500 U compared with 6000 U) than that observed when the NaCl concentration was increased smoothly, the maximum rate of Hsp12p synthesis of 1800 U A À1 h À1 was double. Similarly, the glycerol production rate increased immediately after the NaCl was added to a rate more than double that observed upon a smooth increase in the NaCl concentration. No decrease in the growth rate was observed after the NaCl concentration increased rapidly (not shown). Growth in the auxo-accelerostat was used to study the stress response of cells subjected to an increase in the NaCl concentration in the growth medium under conditions of aerobic fermentative growth in the presence of excess glucose. In the case of a smooth increase in the NaCl concentration, the NaCl concentration was increased from 19 to 820 mM over 29 h, a rate of change of 28 mM h
. The steady-state fluorescence of 135 U was five times lower than that observed in the glucose-limited chemostat culture at a growth rate of 0.09 h À1 (Fig. 3a) . Increasing the NaCl concentration resulted in a continual increase in both the fluorescence and the rate of Hsp12p synthesis (Fig. 3a) whilst the growth rate and the rate of ethanol production decreased. The experiments where the NaCl concentration was increased suddenly were performed in shaking culture using samples withdrawn from the turbidostat steady-state culture. Three different NaCl concentrations, 100, 400 and 800 mM were used, and the fluorescence and the rate of Hsp12p synthesis determined. Whereas addition of NaCl to 100 mM had a minimal effect on Hsp12p synthesis (Fig. 3b) , this was still significantly greater than the effect observed after the smooth addition of NaCl to 100 mM (Fig. 3a) . Rapid addition of NaCl to 400 or 800 mM resulted in greater expression of Hsp12p compared with that observed when NaCl was added smoothly to these concentrations. This greater expression, determined by the fluorescence intensity of GFP, was over three times higher at 400 mM and almost four times higher at 800 mM. In addition, the maximum rates of Hsp12p synthesis, which was observed within 60 min after the addition of NaCl to 400 and 800 mM, were over 10 and 5 times higher, respectively, compared with those observed when NaCl was added smoothly to these concentrations (Table 1) .
The comparison of a smooth vs. a sudden increase in the growth temperature on the expression of Hsp12p under respiratory growth conditions and during aerobic fermentative growth in the presence of excess glucose Cultivation in the D-stat or the auxo-accelerostat using the conditions described above for growth at different NaCl concentrations was next used to study the stress response of cells subjected to an increase in the growth temperature under conditions of respiratory growth or aerobic fermentative growth in the presence of excess glucose. The growth temperature of the D-stat was changed from 30 to 45 1C over 15 h, a rate of change of 1 1C h À1 . The growth yield (not illustrated) and rate remained constant up to 35 1C, after which it started to decline concomitant with glucose accumulation (Fig. 4a) . The fluorescence intensity and the rate of Hsp12p synthesis started to increase at 34 1C, reaching a maximum close to 41 1C (Fig. 4a) . Above 41 1C, the rate of Hsp12p synthesis decreased rapidly, ceasing at just over 43 1C, although the total fluorescence remained constant or decreased only to a small extent. This suggested that no proteolysis of Hsp12p associated with the cessation of growth occurred. After this D-stat experiment had been completed, the growth temperature was adjusted back to 30 1C and the culture left to stabilize for 7 days in chemostat mode at a dilution rate of 0.09 h À1 . Interestingly, after decreasing the growth temperature to 30 1C, the fluorescence intensity returned to a level approximately three times higher than the initial level (not shown). To investigate the response to a sudden change in temperature, the temperature was increased from 30 to 37 1C over 20 min. A rapid increase in the rate of Hsp12p synthesis was observed. This reached a maximum value of 3000 UA À1 h À1 within 20 min and then remained constant for the next 50 min, after which it started to decrease (Fig. 4b ). This maximum rate was more than ten times greater than the initial rate and approximately five times higher than that observed when the temperature was smoothly adjusted to 37 1C (see also Table 1 ). No decrease in the specific growth rate was observed. In order to study the response to increased temperature of Hsp12p expression under aerobic fermentative growth in the presence of excess glucose, the growth temperature in the auxo-accelerostat was increased from 30 to 45 1C over 15 h. The growth rate and the rate of ethanol production increased to around 35 1C, and then started to decrease rapidly above 38 1C point (Fig. 5) . The glycerol to ethanol formation ratio remained constant up to 39 1C, after which a slow increase was observed. No increase in specific fluorescence was observed until the temperature reached around 35 1C, but as the temperature increased further, a significant increase in the rate of Hsp12p synthesis occurred. This reached a maximum close to 41 1C, a value similar to that observed for growth under respiratory growth conditions. It is important to note that no changes in the threshold value of the expression rate of Hsp12p were observed by decreasing the rate of change of the temperature to 0.13 1C h À1 (data not shown). The experiments where the temperature was increased suddenly were performed in shaking culture using samples withdrawn from the steadystate turbidostat. Two different temperatures were used, 35 and 37 1C, and the fluorescence and the rate of Hsp12p synthesis determined. Changing the temperature rapidly to 37 1C resulted in a fourfold higher rate of Hsp12p synthesis compared with changing the temperature to 35 1C, demonstrating that temperatures o 35 1C cause considerably less thermal stress to yeast cells (Table 1) . These changes were approximately five times and 10 times greater than those seen when the growth temperature was smoothly increased to 35 or 37 1C, respectively. The fluorescence observed at 37 1C was between five and six times greater in the glucoselimited D-stat compared with that observed in the glucoseabundant auxo-accelerostat, demonstrating the additional stress imposed by glucose limitation.
The comparison of a smooth vs. a sudden increase in the ethanol concentration on the expression of Hsp12p under respiratory growth conditions and during aerobic fermentative growth in the presence of excess glucose A gradual increase in the ethanol concentration from 2 to 115 mg mL À1 over 17 h (a rate of change 6.6 mg mL À1 h À1 ) in the growth medium during respiratory growth in the D-stat had no effect on the fluorescence up to an ethanol concentration of 25 mg mL À1 (Fig. 6 ). Above this concentration, the fluorescence and rate of Hsp12p synthesis increased to yield values of 1000 and 150 U A À1 h À1 , respectively, at an ethanol concentration of 72 mg mL À1 . The biomass yield (not shown) and the growth rate started to decrease above an ethanol concentration of 25 mg mL À1 . When the ethanol concentration rose above 72 mg mL À1 , a more rapid rate of Hsp12p synthesis was observed. The glucose concentration in the growth medium increased in parallel with the induction of Hsp12p synthesis. A sudden increase in the ethanol concentration during respiratory growth was performed by addition of ethanol to 10, 40 or 70 mg mL À1 . Little change in the fluorescence was observed up to 4 h after such addition (data not shown). A gradual increase in the ethanol concentration from 3 to 72 mg mL À1 over 15 h (a rate of change 4.6 mg mL À1 h À1 ) in the growth medium under conditions of aerobic fermentative growth in the presence of excess glucose in the auxoaccelerostat resulted in the growth rate and the glycerol excretion rate decreasing as the ethanol concentration increased (Fig. 7a) . The growth rate decreased from the initial steady-state value of 0.28 h À1 once the ethanol concentration exceeded 18 mg mL À1 to a rate of 0.1 h À1 at an ethanol concentration of 52 mg mL À1 . The specific glycerol excretion rate decreased as the ethanol concentration increased over 10 mg mL À1 , ceasing at an ethanol concentration of 38 mg mL À1 . Increasing the ethanol concentration up to 23 mg mL À1 had no effect on Hsp12p synthesis, but this increased rapidly at higher concentrations, showing an ever increasing rate of synthesis as the ethanol concentration increased up to the final concentration of 72 mg mL À1 . At this concentration the fluorescence and rate of Hsp12p synthesis were 3000 and 820 U A À1 h À1 , respectively, significantly higher than seen under glucose-limiting conditions. To investigate the effect of a sudden increase in the ethanol concentration on yeast grown under fermentative conditions, ethanol was added to samples withdrawn from the turbidostat. Three different ethanol concentrations, 12, 30 and 65 mg mL À1 were used and the yeast were subsequently grown in shaking culture. The fluorescence and the rate of Hsp12p synthesis were determined (Fig. 7b) . Hsp12p synthesis was up-regulated with the addition of ethanol at all three concentrations, but the magnitude of the response and the time required to reach the maximum rate of synthesis were inversely dependent on the ethanol concentration. Thus addition of ethanol to 12 or to 30 mg mL À1 resulted in a higher Hsp12p expression rate than that observed in the auxo-accelerostat after a smooth increase to 72 mg mL
ethanol. Sudden addition to 65 mg mL À1 resulted in an expression rate lower than that observed after a smooth increase in the ethanol concentration to this concentration. 
Discussion
A Hsp12p-Gfp2p fusion protein construct was used in the current work to study the stress response of S. cerevisiae to a variety of environmentally and technologically important stress factors. This construct was originally chosen because the HSP12 promoter contains response elements to a wide variety of stresses. Under steady-state conditions at the start of the experiment, the Hsp12p expression rates were low, 70 AE 20 U A À1 h À1 in the turbidostat and 100 AE 30 U A À1 h À1 in the chemostat. This indicated consistent Hsp12p expression under conditions with minimal stress. After rapid changes in the culture conditions, the Hsp12p expression rate returned to its initial values in all experiments after the yeast cells had acclimatized to the new conditions. This, together with the significantly higher expression rates of Hsp12p observed after abrupt changes compared with smooth changes in the culture conditions (Table 1) , suggested that the rate of change of the culture conditions is a more important factor in the stress response than the actual culture conditions themselves. Such behavior certainly has several biological advantages to ensure the survival of microbial populations in nature. In slowly changing environmental conditions, the cells are able to adapt their metabolism to the new conditions with concurrent extensive synthesis of stress responsive proteins, ensuring survival of the cells until the environmental stress becomes too repressive. In contrast, in rapidly changing environmental conditions, the cell populations can take advantage of changing the strategy of 'growing as fast as possible' to 'remaining alive' . We have recently demonstrated a role for Hsp12p in the promotion of cell wall flexibility, which would allow yeast to cope with changes in cell size and cellular interaction induced by a variety of stresses (Motshwene et al., 2004; Karreman et al., 2007b; Karreman & Lindsey, 2007a) . For example, the size of cells lacking Hsp12p did not change as rapidly as cells possessing this protein in response to rapidly applied osmotic shock, which resulted in increased barotolerance in cells possessing Hsp12p (Motshwene et al., 2004) . Rapid Hsp12p induction in response to sudden osmotic stress may thus be more important for the survival of the yeast, which would require a flexible cell wall to counter the effects of rapid cellular contraction, which could result in plasmolysis. In gradually changing conditions, Hsp12p would only be required as conditions became increasingly severe. A combination of different stresses resulted in an increased stress response. The steady-state fluorescence of Hsp12p-Gfp2p was several times lower during aerobic fermentative growth in the presence of excess glucose than during respiratory growth where limited glucose was available, demonstrating the effect of nutrient limitation stress on the expression of Hsp12p. Carbon limitation is very common towards the final stages of most industrial processes using yeast, and has been shown to be a factor to induce further stress resistance in the cells. Accumulation of trehalose, a widely known protectant against several stresses including temperature and osmotic stress, has been shown to be under strict control of cAMP dependent phosphorylation, which in turn is subject to the glucose concentration in the cell (François & Parrou, 2001 ). These observations now fit together to form a coherent explanation of the role of trehalose in thermal tolerance and its interplay with several HSPs in that process (Singer & Lindquist, 1998) . The emerging appreciation of distinct roles of trehalose and HSPs suggests that coexpression of HSPs and trehalosesynthesizing enzymes is required to increase stress tolerance in yeast. Smoothly increasing the NaCl concentration or the temperature resulted in several times greater expression of Hsp12p in glucose limited cells (D = 0.09 h À1 ) compared with when glucose was abundant. This may be in part due to the fact that HSP12 expression is subject to glucose repression (de Groot et al., 2000) . However, in the case of ethanol stress, Hsp12p expression was found to be fivefold lower under glucose-limiting conditions than that observed under aerobic fermentative growth in the presence of glucose. It is possible that the cell perceives a low glucose concentration coupled with a high ethanol concentration as a normal physiological state, resulting in concomitantly lower HSP12 expression in the presence of low amounts of glucose. Use of the fusion protein construct Hsp12p-Gfp2p facilitates determination of the stress status of the yeast because only the fluorescence of the culture needs to be measured. The results obtained in this report raise the question of how reliably the construct used indicates the intensity of the stress response in S. cerevisiae as a species. We have studied previously the effect of smoothly changing the stress conditions (increasing temperature, ethanol, NaCl and organic acids) on the laboratory strain S. cerevisiae S288C (Kasemets et al., 2006 (Kasemets et al., , 2007 and have suggested that, in addition to the applied environmental stresses, the rate of change of the stress must also be considered a factor. Although the S288C strain had significantly higher maximum and critical growth rates on minimal media than that of recombinant strain used in this study, the threshold concentrations of the stress factors that cause a decreased growth rate were similar to those found in this study. The increase in the Hsp12p expression rate during aerobic fermentative growth in the presence of excess glucose always correlated either with a decreased rate of growth or cessation of an increased growth rate. Recently, partial alleviation of glucose repression has been observed in response to both ethanol and oxygen in the environment (Marks et al., 2008) . The threshold values for Hsp12p expression, in turn, were largely independent of the growth mode (Table 1) . Increased Hsp12p expression was observed at around 35 1C, 1% NaCl and 2.5% ethanol, values very similar to those previously reported using other stress response proteins in yeast (Piper, 1995) . This suggests that the stress threshold values for these stresses are characteristic of S. cerevisiae as a species and that the Hsp12p-Gfp2p fusion protein construct used in this study in combination with the modifications in the continuous cultivation methods used is a good model to study the stress response in yeast.
Conclusions
The magnitude of Hsp12p synthesis rate depends on both the specific stress factor and its rate of change. The experiments also demonstrated that rapid shifts give higher rates of Hsp12p synthesis compared with smoothly changing conditions and that the stress induced by glucose limitation amplifies the stress response induced by other stress conditions. In general, the calculated synthesis rate of Hsp12p-Gfp2p is a good indicator for evaluating the stress status in yeast.
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